24 2 ABSTRACT (148 words)
Here, with the same participants, task, stimuli and task difficulty for all attention manipu-155 lations, we tested the following four predictions: (1) Pre-cueing should induce an attentional mod-156 ulation of fMRI activity, higher in the valid than the invalid condition in which attention needs to 157 be reoriented to the opposite location to perform the task (e.g., Liu et al., 2005) . ( 
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Two significant interactions indicated that the differences between valid and invalid cues 232 (F(1,4)=16.2, p=0.02) and between pre-and post-cues (F(1,4)=8.1, p=0.047) were more pro-233 nounced for endogenous attention than for exogenous attention. and dorsal ROIs were averaged), V3A, hV4 and LO1 (e.g., Engel et al., 1994; Sereno et al., 1995;  248 Engel et al., 1997; Larsson and Heeger, 2006; Wandell et al., 2007) .
249
Activity was higher for contralateral than ipsilateral brain areas. For each ROI, we meas- 
267
fMRI responses correlated with behavioral variability. We evaluated the degree to which 268 inter-individual variability in behavioral performance co-varied with variability in fMRI responses.
269
We computed the correlation (Figure 3A) , across participants, ROIs, types of attention and cue-270 ing conditions, between the fMRI responses (percent change in image intensity) and behavioral 271 performance accuracy (d') . We found a positive correlation between fMRI activity and d' (Pearson 272 correlation r = 0.23, p = 0.003), which was present for both attention types (endogenous: Pearson 273 correlation r = 0.3, p = 0.003; exogenous: r = 0.2, p = 0.02). We further showed that fMRI activity 274 was overall higher for valid than invalid trials (t(4) = 4.0, p = 0.0163, Cohen's d = 1.78). This was 275 the case for each participant (Figure 3B) . Together, these results are consistent with previous 
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Previous studies comparing endogenous and exogenous attention conditions state vari-348 ous attentional effects in early visual areas (see Table 1 ). Some report differential effects be- , 2006) . This lack of clear picture regarding the differential impact of endogenous and exog-354 enous spatial attention is likely due to the methodological differences and limitations we dis-355 cussed in the Introduction (see also There was an overall positive correlation between performance in the orientation discrim-369 ination task and the degree of attentional modulation in fMRI activity. This result was expected,
370
indicating that as discriminability increases so does the attentional modulation in fMRI activity.
371
But only very few studies on the effect of spatial attention in early visual areas have reported 372 such a correlation (Ress et al., 2000; Giesbrecht et al., 2006; Liu et al., 2007a) . Dosher and Lu, 2000; Ling and Carrasco, 2006c; Giordano et al., 2009; Liu 380 et al., 2009; Herrmann et al., 2010; Poletti et al., 2017; Jigo and Carrasco, 2018) .
381
In the endogenous attention condition, there was an increase in attentional modulation of 382 stimulus-evoked activity along the hierarchy of visual areas. There is no consensus regarding the 383 visual hierarchy beyond area V3 (e.g. Harvey and Dumoulin, 2011; Harvey and Dumoulin, 2016;  384 Michalareas et al., 2016; Yildirim et al., 2018; Fritsche et al., 2020) , especially regarding V3A.
385
However, most authors agree that hV4 precedes LO1 (Harvey and Dumoulin, 2011; Harvey and 386 Dumoulin, 2016; Michalareas et al., 2016; Yildirim et al., 2018) . In any case, our data are con-387 sistent with either a strict hierarchy or with V3A and hV4 being at the same level. Such a pattern 388 is consistent with previous studies suggesting that endogenous attention is a top-down modula-389 tion from frontal and parietal areas feeding back to visual cortex, with diminishing effects in earlier 390 visual areas (Kastner et al., 1999; Maunsell and Cook, 2002; Kastner and Pinsk, 2004; Chica et 391 al., 2013) . Inconsistent with previous studies (e.g. Boynton et al., 1999; Brefczynski and DeYoe, 392 1999; Somers et al., 1999; Herrmann et al., 2010; Pestilli et al., 2011) , there was no evidence for 
409
For example, in the Liu et al. (2005) study, participants knew which of the two stimuli was the 410 target they had to discriminate as soon as the stimuli were displayed; one stimulus was vertical 411 and the other was tilted to the left or the right. In the present study, both stimuli were inde-412 pendently tilted and participants did not know which one was the target and which one was the 413 distractor until later when the response cue appeared.
activity. Additionally, during 300 ms following cue onset, the brain responses elicited by exoge-536 nous and endogenous cues differ (for review Carrasco 2011). The two grating stimuli were then 537 displayed for 50 ms. For the postcue trials we kept the timings of cue and stimuli constant but 538 inverted the order of their presentation (e.g. Kinchla et al., 1995; Carrasco and Yeshurun, 1998;  539 Liu et al., 2005; Pestilli et al., 2011) . A response cue, presented for 800 ms at the end of the trial 540 after both the cue and the stimuli had disappeared, indicated which one of the two gratings was 541 the target (50% of the trials on the right and the remaining 50% and on the left). The maximum 542 delay between the offset of the grating stimuli and the onset of the response cue was shorter 543 (~400 ms max in the endogenous condition) than typically associated with a demand for working 544 memory (>600 ms; Phillips, 1974). Immediately following each trial, a change of color of the fix-545 ation cross provided visual feedback to the participants, i.e. green for correct or red for incorrect 546 responses. The fixation cross did not change color if participants had missed the response win-547 dow, i.e. if they had not pressed any key after 530 ms.
548
In the exogenous attention condition, a peripheral cue was presented, which was not in-
549
formative regarding the target location or orientation. When the cue location matched the target 550 location, it was considered a valid trial (50% of the trials), otherwise it was considered an invalid 551 trial (the remaining 50% of the trials). In the endogenous attention condition, a central cue pointed 552 to either the left or right quadrant. The cue was informative of the target location but not its ori-27 flip angle = 90°; resolution = 1.5 × 1.5 × 3 mm) during each scanning session, and used them in 591 a robust image registration algorithm.
592
MRI data pre-processing. Imaging data were analyzed in MATLAB, using mrTools (Gard-593 ner et al., 2018a) and custom software. To allow longitudinal magnetization to reach steady state, Feature and conjunction searches. Vision Res 46:2028-2040.
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